INTRODUCTION
In recent years, there has been increased interest in improving healthcare services and a trend towards more patient-centred care. Lean production, which has roots in the automotive industry, has had an important impact on industrial practices, with success stories on improved productivity and quality. 1 In the hope of achieving similar results, many healthcare organisations worldwide view Lean production as a way to improve efficiency, quality and responsiveness in order to meet patient needs. [2] [3] [4] Publications on Lean healthcare promise that it helps to improve patient satisfaction in several ways: it will help to pursue 'the perfect patient experience' 5 6 'increase value' 7 and 'improve quality and patient safety'. 8 However, there is little evidence that implementing Lean healthcare leads to increased patient satisfaction. The results from different case studies are encouraging, but mostly show outcomes reported from the healthcare organisation's perspective, such as increased patient throughput, reduced costs and shorter waiting times. 9 10 To address this gap, we conducted qualitative case studies on how value is defined and improved in Lean healthcare, and quantitatively compared patient satisfaction in primary-care centres working with Lean with those not working with Lean. In the following section, we introduce the concept of Lean healthcare. We also briefly highlight some concerns on the application of production-oriented models in services raised by contemporary service management research.
commonly described by five Lean principles: define value by the ultimate customer, map the value stream, create flow, establish pull and seek perfection. 12 Defining value and mapping the value stream is the starting point to identify and eliminate non-value activities (waste) and enhance those that do add value, thus increasing value to customers. 12 The Lean production literature, however, seldom discusses how to define value from the customer's perspective. In many cases, value is simply defined in opposition to waste: 'what is not waste, is value'.
Womack and Jones 12 were among the first authors to suggest that Lean production could be applied to healthcare, arguing that the first step in its implementation would be developing care processes based on the patient's perspective, with a focus on shortening lead times and increasing value. Lean principles, such as value-stream orientation and cross-functional teams, have been emphasised as especially relevant for the healthcare context. 12 Lean healthcare is often described as a process improvement approach with a focus on identifying and eliminating waste from healthcare delivery processes. 10 13 Lean healthcare implementations typically start with mapping and analysing patient flows to identify delays, waiting times, repeated visits, errors and inappropriate procedures. 14 15 The most frequently applied Lean tool is Value Stream Mapping (VSM), which is used to expose problems and motivate staff to solve them through continuous improvement activities. 10 Other Lean tools frequently applied in healthcare are standardised work, 5S (method for organising the work place with five steps: sorting, setting in order, systematic cleaning, standardising and sustaining), visual management, root-cause analysis and rapid improvement events. 3 16 The literature also suggests that Lean healthcare is about turning employees into problem solvers that take ownership of improvement activities and work every day to streamline processes. 7 8 17 18 POTENTIAL LIMITATIONS OF LEAN HEALTHCARE A vital question is whether Lean production, with its automotive industry roots, is appropriate for a complex service system such as healthcare. Lean production originates from the production of goods, and represents a goods-dominant logic (GDL). 19 In GDL, the value of the product is inherent in it and the customer is a passive consumer of products. Today's service research instead suggests a move towards a service-dominant logic, in which the role of the customer in value creation is highlighted and value is perceived as individually experienced. 19 20 In this view, taking the example from the automotive industry, the value of the car is only potential before the customer actually obtains any benefit from it. The value is always cocreated in the interaction between supplier and customer, with the supplier as the facilitator of this process. 21 The customer value depends both on what is delivered (technical quality) and how service is delivered (functional quality). 22 In the service management view, improving patient satisfaction requires understanding both interaction between the healthcare provider and the patient, and the patient's own value-creation actions, which typically take place outside the walls of the care provider (eg, at the patient's home). 22a While this point of view is visible in healthcare in concepts such as the chronic-care model, 23 the patient empowerment movement and shared decision-making, 24 it is not explicitly part of Lean healthcare. The research questions which this paper aims to answer, therefore, are by what means the central idea of Lean healthcare, that is, 'defining value from the patient's perspective', is realised, and how the application of Lean healthcare influences patient satisfaction.
METHODS
Using a mixed-method strategy, we carried out qualitative case studies and analysed quantitative data from the Swedish National Patient Survey (NPS). We decided to focus only on primary-care centres, since their nationally imposed prerequisites, structures and operations make them more uniform compared with specialised care. The primary-care centres treat the most common illnesses that do not require hospitalisation, and are usually responsible for children, prenatal and rehabilitation care. The care is primarily given by the general practitioners that mostly specialise in family medicine.
Case studies
We decided to study primary-care centres that were considered as successful cases of Lean implementation in Sweden. The selection criteria were at least 5 years of experience with Lean; and, documented evidence of improvements. The case organisations are considered the first primary-care centres implementing Lean in Sweden and have been acclaimed in the press and public, with invitations to conferences and educational events. Given that only two cases were studied, the qualitative study has a limited generalisability. However, the cases complement the quantitative study as they show Lean principles in practice in the Swedish healthcare context.
We collected data through interviews (n=15) and reviews of documents. 25 The interviews were semistructured and took about 1-2 h depending on the interviewee. The interview questions focused on four main areas: definition of Lean healthcare, tools and techniques implemented, improvement work organisation and results achieved. The interviewees were chosen to represent different professions and positions and the interviews were conducted until reaching the data saturation point (see table 1 ). All interviews were taped and transcribed. The document reviews included strategy documents, activity reports, handling plans, documented procedures and performance data from past and ongoing Lean activities.
We analysed the collected data, that is, interview material and documents, using qualitative content analysis. 26 Using the existing theory on Lean, the analysis started by identifying key concepts as initial coding categories related to the practices of defining and improving value from the patient's perspective. Three researchers independently coded the data and then jointly discussed the results to establish code content consensus.
A draft summary of the principal findings was presented at feedback sessions with key respondents. The purpose of these sessions was to validate the results and to expand the analysis through elaboration, reaction and the development of alternate and multiple interpretations of the findings. 27 The NPS
The quantitative analysis builds on data from the NPS, which is a regular national survey on patient satisfaction, and is conducted by the Swedish Association of Local Authorities and Regions (see http://npe.skl.se/). The survey has been conducted with primary-care healthcare providers since 2009, and specialised hospital care since 2010. This study uses data from the three NPSs from 2013, 2011 and 2009. The NPS consists of nearly 50 questions that cover the common patient satisfaction dimensions such as interpersonal manner, technical quality, accessibility/convenience, efficacy/outcomes, continuity, physical environment and availability. 28 29 For our analysis, we selected, a priori, 23 questions, which were expected to be positively influenced by the Lean implementation based on the results reported in previous research. 4 10 16 30 We excluded, among others, questions on sample taking, medicine prescriptions and promotion of healthy life habits. We categorised the selected questions into five subjects: (A) accessibility and waiting, (B) responsiveness, (C) patient involvement, (D) communication and information sharing and (E) general impression. Most questions were measured on a fivepoint or three-point Likert scale. The response rates for the NPS, which is sent to randomly selected patients who have recently visited a particular care centre, were 60% for 2009 (nearly 165 000 questionnaires sent); 54% for 2011 (nearly 248 000 questionnaires sent) and 53% for 2013 (nearly 265 000 questionnaires sent). This study builds on a subset of this data.
Sample
The quantitative analysis builds on two subsamples of care centres that participated in the NPS: one group had been working with Lean healthcare for at least 3 years (denoted as 'Lean group'), and a control group not working with Lean (denoted as 'Non-Lean group'). The Lean group was identified in two steps. First, we contacted the county council administrators responsible for primary care to ascertain names of centres working with Lean. Second, we sent out a questionnaire to managers of these centres to examine the extent to which Lean healthcare was applied. The questionnaire consisted of one question about when Lean began and 37 questions on different aspects of its application. The questionnaire was distributed via email to 103 managers, and we received 60 completed responses, that is, a final response rate of about 58%.
To increase the validity of the study, we made a further selection of care centres to include only more mature implementations in the Lean group. The criterion for inclusion was that the primary-care centres had been working with Lean for at least 3 years. We conducted a statistical analysis (independent samples t test) on the differences between primary-care centres working with Lean for at least 3 years and less than 3 years, and we found differences in the implementation level. For this reason, we decided to include only 23 primary-care centres in the Lean group. An equal number of centres were selected among care centres that had not worked with Lean (Non-Lean group). To ensure the premises in both groups were as similar as possible, we selected care centres from the same county councils and municipalities. Data from 2009, 2011 and 2013 were analysed, with each set including between 2400 and 2800 individual patient responses.
Statistical analysis
We conducted an independent samples t test to investigate whether patient satisfaction is significantly different between the Lean and the Non-Lean group. Further, we conducted a paired samples t test to identify differences in patient satisfaction over time (2009, 2011 and 2013) for the Lean and the Non-Lean group. Tests were selected depending on the parametric assumptions and statistical distributions of the variables. Statistical distribution was assessed by the Shapiro-Wilk test for normality, as well as by the skewness (skew<|2.0|) and kurtosis (kurtosis<|9.0|). 31 Additionally, the assumption of variance homogeneity was tested via Levene's F test and the effect size was calculated with the Cohen's d. 
RESULTS
In the following section, we present results from case studies and from the analysis of NPS survey data.
Practices of Lean healthcare
The case studies focused on how the primary-care centres defined value from the patient's perspective; how they analysed the value-adding and non-value-adding activities; and what Lean tools and methods have been used to achieve improvements.
One of the challenges in defining value from the patient's perspective in the case organisations was that the patient was considered as one of many customers of healthcare services. When the respondents were asked who their customer was, the first answer was always 'the patient'. It was commonly stated: without patients, healthcare would not be needed (Nurse, Beta).
After this statement followed reflections like:
the patient is not a customer in a market economy sense and there are other customers that also need to be considered, that is, family members, other healthcare providers, policy makers and citizens. (Physician, Beta) the physician can also be a customer since he or she can be the person needing to be satisfied in the next process step. (Care centre manager, Alpha) Different value perspectives emerged in the interviews depending on who was considered a customer, such as productivity gains, improved working conditions or more care access. For instance, one physician at Alpha stressed the results in terms of improved productivity and working conditions: 'We produced more visits in March than ever previously'. Asked how the extra capacity was used, he said, "We still work overtime; the goal is to work normal hours." The healthcare staff explained that value cannot be defined solely by patients, but needs also to consider the perspective of all the key customers including healthcare professionals in order to ensure quality, safety and appropriate service.
In the studied cases, patients were rarely used as a direct source of information for defining value, although the mandatory patient survey and complaints were mentioned. The usual practice was to focus on eliminating waste from processes from the staff perspective. One of the physicians argued that these may in turn translate into improved value from a patient's perspective:
I think that most of the patients that come here feel they've come to a harmonious workplace […] and that we actually work in teams for them. (Physician, Alpha) Both case organisations used VSM to eliminate waste. The method implied mapping the sequence of activities, with some value streams mapping the patient flow, and others mapping the staff or information flow. The manager of Alpha explained: the idea is to view this as production lines at [a car manufacturer] and that a group leader has a number of lines that he can follow along and see the value flows in the different stations-are there wastes and how do we solve it? (Care centre manager, Alpha)
One example of mapping patient flow was the registration and physician appointment process where a cross-professional team mapped what happens from the moment the patient calls to make an appointment until he or she receives the care needed. When all steps had been mapped, the team identified disturbances, duplicate work, waiting and delays. An example of an identified problem was that telephone queues are particularly long on Mondays. Further investigation revealed that patient demand for care was higher at the beginning of the week, while healthcare staff availability was lower since physicians tended to plan their 'appointment-free days' on Mondays. Understanding this fact led to the implementation of several changes, which improved telephone availability and decreased wait times for physician appointments at both care centres.
Another type of VSM was conducted from the staff perspective, and considered other healthcare providers or the staff itself as customers. A physician at healthcare centre Beta describes the approach:
it is important to identify that there are flows and processes, and to make it as simple as possible, to do the right thing at the right time in the right way. Lean is very much about structure. (Physician, Beta)
An example of this type of VSM was the referral process at Care Centre Beta. VSM was used to map the activities carried out by staff to book appointments with specialists. The goal was to process referrals more quickly, without negatively influencing safety. As a result, a new referral process was developed in which patients were referred only electronically, thereby completely abandoning the parallel paper process.
Although the healthcare staff stated that VSM is meant to improve value from the patient's perspective, no patients were involved in any of the VSMs undertaken, nor were methods applied to understand or determine what the patients required, expected or desired in terms of value.
In addition to VSM, several other Lean tools and methods were implemented at the case organisations. These included 5S, system for continuous improvement, visualisation of performance data and standardised work. For example, Care Centre Beta introduced 5S and a standardised treatment trolley in physicians' rooms. The benefit of this was that physicians could use any available room to examine patients, did not spend time on unnecessary searching and could pass the responsibility for organising and refilling the treatment trolleys to other staff. Another example related to the organisation of daily improvement work. Both care centres developed systems for capturing and implementing staff ideas. The majority of improvements focused on eliminating daily problems and reducing waiting and delays both for those who receive and those who give care. Providing timely care was an important principle characterising Lean healthcare at the case organisations. The results included increased availability by phone, shorter waiting time to get a doctor's appointment, increased patient throughput, decreased stress and improved staff satisfaction.
Analysis of patient satisfaction
In this section, we describe the results from the statistical analysis of patient satisfaction based on data from the NPS. Table 2 
Lean group compared with Non-Lean group
In 2009, no significant differences were found between the Lean group and the Non-Lean group for any of the selected questions.
In 2011, two significant differences were found. First, the patients of the Lean group were less satisfied with physicians listening to what patients had to say than the patients of the Non-Lean group (question C3 in table 2), t(46)=2.002, p<0.05. Cohen's d was estimated at 0.6, which is a medium effect based on the guidelines. Second, patients of the Lean group were less satisfied with physicians paying sufficient attention to patient experience of the illness than the patients of the Non-Lean group (question C4 in table 2), t(46)=2.078, p<0.05, demonstrating a medium effect size, d=0.7.
In 2013, no significant differences were found on any of the selected questions.
Development over time for Lean group
In the next step, we conducted a paired samples t test to examine changes in patient satisfaction over time. For the Lean group, eight significant differences over the years were found (see (22) =2345, p<0.03. All the significant differences implied a decrease in patient satisfaction. It should be noted that four of seven questions were related to communicating and providing information to patients (subgroup D).
Development over time for Non-Lean group
For the Non-Lean group, one significant difference was found between the years 2009 and 2011 for the question B1. The Non-Lean group significantly improved regarding informing patients about appointment delay, t(23)=2118, p<0.05. Since we had the data available for all primary-care centres in Sweden, we also tested the whole sample for differences between years. No significant differences were found for any of the selected survey questions.
DISCUSSION AND IMPLICATIONS Influence on patient satisfaction
One of the most commonly repeated reasons for why Lean production is valuable for healthcare is the way it focuses on creating value for the customer. [5] [6] [7] [8] Despite the associated rhetoric, our findings indicate that patients of Lean primary-care centres are not more satisfied than patients of Non-Lean centres. Instead, the results suggest a negative development over time for the Lean primary-care centres. A small but statistically significant decrease in patient satisfaction over years vis-à-vis the quality of information and communication during the patient-physician meeting was found. Could this negative development on patient satisfaction be motivated and explained by the improvement of patient throughput frequently cited in Lean case studies? [33] [34] [35] A possible explanation is that physicians have less time to spend with patients, which is noticed by patients. The patient-physician meeting is the most important occasion to cocreate patient value, and also the occasion on which the functional quality of care is evaluated.
Since several case studies indicate that Lean production leads to reduced wait times, 10 it is surprising that at least the perceived accessibility did not improve but worsened over time for the Lean group. Although not statistically significant, the same negative trend is observed for the Non-Lean group. Further analysis of the whole sample of primary-care centres has shown that the perceived waiting time has increased over time. Thus, this fact indicates that the negative development could be attributed to some other factors than Lean.
The significant differences observed should be interpreted cautiously. There are several limitations inherent in the statistical analysis. The mean differences are small and multiple comparisons in t tests increase the chance of getting type 1 error. 36 An even distribution of response scale is difficult to achieve in research on patient satisfaction and the distribution of means tends to be positively skewed. 37 There is a potential problem with ceiling effects, which imply that the distribution of scores is artificially limited at the lower end of the scale and there is no sufficient room to measure the improvement below the mean. Further, although we made a careful selection of primary-care centres for the Lean group, we have a limited knowledge about the care centres themselves and how they operationalised the Lean principles. While care centres in Sweden have similar legal and financial premises, they may differ on aspects such as organisational culture and leadership. This might imply that the differences observed between Lean and Non-Lean care centres and over time are not attributable to Lean. Another limitation is the time frame of the study. The primary-care centres selected for the Lean group were supposed to work with Lean for at least 3 years. The question is whether the time frame is enough to observe improvements in the patient satisfaction.
Original research
Table 2 Mean values and significance levels for t tests for 23 questions selected from the National Patient Survey
Defining value in Lean healthcare
The purpose of the case studies was to explore the practices of defining and improving value from the patient's perspective. The findings provide some insights for why the implementation of Lean healthcare in primary-care centres may not lead to improved patient satisfaction. Since only two cases in a Swedish context were studied, the results might be biased by the choice of the case organisations. It should be noticed, however, that the selected primary-care centres are considered as initial and successful cases of Lean healthcare implementation in Sweden. The case organisations were found not to involve patients in the process of defining value, and to have undertaken very few activities with the deliberate purpose of improving patient satisfaction. Radnor et al 16 reported similar results, showing that the Lean applications in healthcare tend towards a tool-based approach for operational problems, with little attention paid to defining value from the patient's perspective.
While this sharply contrasts with the evolved standpoint in the service literature, 19 21 it must be noted that value is a more complex construct in healthcare than in other settings. Whereas customers in other contexts may have the ability to determine the value they experience, this is far from the case in the healthcare context. Although patients can perceive the value of healing or being treated with respect, the nature of healthcare is such that good care does not always produce good health outcomes-and vice versa. Further, healthcare providers need to consider multiple stakeholders and do not know whether they should work towards the value defined by individual patients, healthcare professionals, local councils commissioning care services or indeed the government. 16 In our view, value must be codefined by patients, who have their own preferences and experiential needs (functional quality), and by professionals, who can tell whether treatment is in line with latest evidence (technical quality).
Patient involvement and the future of Lean healthcare
Lean production originally stems from a GDL, where value vis-à-vis healthcare is assumed to be primarily created in the provider's sphere. 21 From the GDL perspective, the provider and patient spheres interact only to a very limited extent. In Lean healthcare, improving value frequently implies evaluating all activities, whether they add or not, and identifying waste. 8 10 The case organisations focused primarily on their own activities, while the patient's role in the value-creation process was not given much consideration. This is not surprising, since Lean production was originally designed to improve the efficiency of a production system. According to GDL, the experiential and contextual aspects of value remain unseen; primarily technical, rather than functional, value is acknowledged. Consequently, as value is seen to be created by the healthcare provider, the patient sphere is not seen as an arena for value creation and is thus overlooked.
It has been suggested that service improvements may be carried out from either an inside-out or an outside-in perspective. 38 The former stresses efficiency of services and development through the lens of the organisation, while the latter views the service through the lens of the customer and focuses on its effectiveness. 39 This study confirms previous findings 16 that Lean production is applied using an insideout perspective, where the healthcare staff defines value for the patient based on the organisation's lens. This implies that service improvements are being undertaken without actually understanding the patient's perspective. Therefore, an important Lean strategy is to develop systematic approaches to defining value that integrate both the knowledge and clinical expertise of healthcare providers, and the patients' preferences and needs. The service management literature offers a wide range of methodologies, such as focus groups, diaries and patient blogs that can be used in the context of patient value cocreation. 22a 
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CONCLUSIONS
The underlying principle of Lean is to define value from the customer's perspective. Although the literature suggests that Lean healthcare helps to improve patient satisfaction, our study shows that patients of care centres working with Lean are not more satisfied than patients of care centres not working with Lean. These results may point to important limitations in how Lean healthcare is operationalised today and calls for the development of patient-centric practices in Lean.
While Lean production has demonstrated valuable contributions to more timely and efficient healthcare, it may have a limited impact on patient satisfaction as it lacks tools and methods that enhance customer participation in the value-creation process. This might be one of the reasons why Lean healthcare initiatives primarily target internal efficiency, and do not focus on activities to improve patient satisfaction. In order to achieve more timely and efficient care, and more patient-centred care, the patient's perspective needs to be better integrated in current Lean healthcare applications; for instance, by actively involving patients in activities such as defining value, and in VSM.
